We study and compare magnetic and electron paramagnetic resonance behaviors of bulk and nanoparticles of N d 1−x Ca x M nO 3 in hole doped (x = 0.4; N CM OH) and electron doped (x = 0.6; N CM OE) samples. NCMOH in bulk form shows a complex temperature dependence of magnetization M(T), with a charge ordering (CO) transition at ∼ 250 K, an antiferromagnetic (AFM) transition at ∼ 150 K and a transition to a canted AFM phase/mixed phase at ∼ 80 K. Bulk NCMOE behaves quite differently with just a charge ordering transition at ∼ 280 K, thus providing a striking example of the so called electronhole asymmetry. While our magnetization data on bulk samples are consistent with the earlier reports, the new results on the nanoparticles bring out drastic effects of size reduction. They show that M(T) behaviors of the two nanosamples are essentially similar in addition to the absence of the charge order in them thus providing strong evidence for vanishing of the electron-hole asymmetry in nanomanganites. This conclusion is further corroborated by electron paramagnetic resonance studies which show that the large difference in the 'g' values and their temperature dependences found for the two bulk samples disappears as they approach a common behavior in the corresponding nanosamples.
I. Introduction
Doped perovskite manganites with the general formula RE 1−x A x M nO 3 , where RE is a trivalent rare earth ion and A is a divalent alkaline earth ion display complex phase diagrams as a function of composition and temperature. The plethora of structural, magnetic and trasport phases exhibited by them involve charge ordering, orbital ordering, para, antiferro and ferromagnetism and metallic and insulating behaviors. The strong correlation between spin, lattice and orbital degrees of freedom present in these materials lead to a delicate balance between different energy scales leading to similar probabilities of occurrence of different phases [1] [2] [3] [4] [5] [6] . This complex behavior is continuing to be a challenge to understand theoretically while at the same time being attractive from the point of view of applications because of the interesting phenomena such as colossal magnetoresistance.
The phase diagrams of the manganites also exhibit a striking asymmetry across half doping, i.e.
x = 0.5. For example, in N d 1−x Ca x M nO 3 system, bulk NCMOH with x = 0.4 shows CO, AFM and canted AFM/mixed phases, whereas bulk NCMOE with x = 0.6 does not show any of these phases other than the CO phase 7, 8 . This kind of asymmetry is termed electron-hole asymmetry since for 0 < x < 0.5, more and more holes are introduced in REM nO 3 by the substitution of M n 3+ by M n 4+ and for 0.5 < x < 1, M n 4+ in AM nO 3 are replaced by M n 3+ , effectively doping with more and more electrons. It is by now well established that when the particles of bulk polycrystalline manganites of ≥ micron size are reduced to partciles of < 100 nm, the properties change drastically, owing to quantum confinement effects and large surface to volume ratio. Rao et al. reported that by reducing the size of half doped N d 0.5 Ca 0.5 M nO 3 particles to 20nm the CO and AFM phases observed in the bulk vanish giving rise to FM phase 9 . The objective of the present work is to prepare < 100 nm sized nanoparticles of electron and hole doped NCMO and study the effect of size reduction on the electron-hole asymmetry observed in the bulk samples.
Our magnetization studies show significant changes in the properties of nanosamples compared to their bulk counterparts. We observe that in the nanosamples the CO phase has weakened and an FM phase has emerged and more importantly the electron hole asymmetry observed in the bulk has practically disappeared.
II. Preparation
NCMOH and NCMOE nanoparticles were prepared by citrate-gel method. gel is then decomposed at 250 0 C to get a dark brown powder, which was then sintered at 600 0 C for 6 hours to get the nanoparticle samples. The bulk samples were prepared by first heating the precursor nanoparticles at 1000 0 C for 12 hours and then by grinding and pelletizing to sinter at 1300 0 C for 24 hours.
III. Characterization
The samples were extensively characterized to check for purity and phase formation. X-ray diffraction was done in order to confirm the phase formation. The EDAX(Energy Dispersive X-ray Analysis) done on the samples indicated compositions very close to the intended stoichiometric ratios. Iodometric titration was done on the samples to calculate the oxygen stoichiometry, the average value of which was found to be ∼ 3.
TEM(Transmission Electron Microscopy) was done on the two nano samples in order to find the particle size; the average particle size is found to be ∼ 40nm for both the samples. 
IV. Magnetization Studies
The magnetization measurements were carried out using a commercial SQUID magnetometer.
Field cooled (FC) under 100 Oe and zero field cooled (ZFC) magnetizations of the four samples were recorded in the temperature range from 2 K to 300 K under a measuring fleld of 100 Oe. transitions as the sample is cooled; a CO transition at ∼ 250 K which is evident by a sharp peak in magnetization curve due to localization of charge carriers and a weaker peak at ∼ 150 K indicating an AFM transition in accordance with the earlier report 7 . As the temperature is lowered further,
1. Rietveld refinement of XRD data of all the four samples, fitted to orthorhombic structure with space group Pnma the magnetization starts increasing at ∼ 120 K with a broad peak at ∼ 80 K which is attributed to the transition to a canted AFM phase in the earlier report. This peak could also be due to a FM transition leading to the existence of a mixed phase at lower temperatures. It is not possible to distinguish between a canted AFM phase and a mixed phase with magnetization measurements alone.
FC and ZFC M(T) behaviors of nanoparticles of NCMOH are shown in the lower panel of Fig.3 and the contrast from the bulk behavior is striking. The multitude of peaks present in the bulk sample are conspicuous by their absence indicating that the CO, AFM and canted AFM/mixed phases have all disappeared and at ∼ 100 K an FM like phase has emerged. In the inset to the figure, M × T vs T is plotted to check if there is any residual CO. The curve shows a very weak and broad peak at ∼ 250 K pointing to the presence of short range CO in the nanoparticles 10 . Fig.4 shows the FC and ZFC plots of NCMOE bulk and nanoparticles. The only transition that the bulk 
V. Electron Paramagnetic Resonance Studies
It is known that EPR is a sensitive probe of electron-hole asymmetry 16, 17 . EPR spectra were recorded using a commercial X-band EPR spectrometer for all the four samples in the temperature range 4 to 300 K. Single, broad Lorentzian signals (in derivative form because of the magnetic field modulation and phase sensitive detection used) were observed at all but very low temperatures. 
where P is the microwave power absorbed by the sample at resonance, ∆H is the linewidth, A is a quantity proportional to the intensity of the signal and H o is the resonance field to extract the lineshape paramaters viz., intensity, resonance field H o and the linewidth. g values were calculated using the relation hν = gβH o where ν is the microwave frequency, h is the Planck constant and β is the Bohr magneton. The temperature dependence of the g parameters for the four samples is presented in Fig. 7 along with a few typical EPR signals in the inset. It is seen that the g values and their temperature dependences for the two bulk samples are quite different from each other.
However, in the case of the nanosamples these differences decrease substantially and the behaviors of the two nanosamples closely approach each other. While this experimental result is of fundamental importance, we can present only a qualitative explanation for it as even the phenomenon of the complexity of phase diagrams of the bulk manganites and the origin of the electron-hole asymmetry is poorly understood at present. It is believed that simultaneous existence of several competing interactions such as spin, charge, lattice and/or orbital in the presence of quenched disorder make many different phases equally probable and thus lead to the complexity of the manganite phase diagrams 19 . We surmise that in the nanoparticles the absence of large length scales needed to fully capture the complex behavior of bulk manganites 19 leads to a collapse of the complexity.
The disappearance of CO and occurrence of FM in nanomanganites in particular has been addressed in recent years 9, 20, 21 and is sought to be explained via the core-shell model [12] [13] [14] [15] . According to this model, as the particle size is reduced to a few nanometers the surface to volume ratio increases considerably and the surface effects become prominent. The core of the nanoparticle retains its property with antiferromagnetic arrangement of the spins whereas the shell becomes FM due to the uncompensated surface spins. This results in different spin structures in the core and shell of the particle. The magnetic behavior of these particles is strongly governed by the surface spins and the formation of the FM layer suppresses the CO in nanoparticles. However, more work, experimental as well as theoretical, is required to fully characterize and understand the 'simple'
and near-universal phase diagram of nanomanganites.
VII. Conclusion
In conclusion, we have prepared the nanoparticles of NCMOH and NCMOE samples by citrategel method and the bulk samples by sintering the nanosamples at higher temperatures. These samples were characterized by XRD, EDAX, TEM, SQUID and EPR measurements. The two bulk samples show very different properties with NCMOH undergoing CO, AFM and canted AFM/mixed phase transitions whereas the NCMOE undergoes CO transition alone. In both the nanosamples, practically similar magnetic behavior is observed with the disappearance of most of the bulk phases and the emergence of an FM phase with T c ∼ 100 K there by suppressing the electron-hole asymmetry seen in the bulk samples.
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